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FUNCTIONAL BIOASSAY FOR G -PROTEIN COUPLED RECEPTOR 
AGONISTS AND ANTAGONISTS 



Background of the Invention 

5 Cellular responses to external stimuli are primarily mediated by receptor based 

systems. One of the most ubiquitous and sizable transmembrane receptor families, with 
members observed in organisms from bacteria to yeast to man, is the G-protein coupled 
receptor (GPCR) family. Receptors of this family associate with a membrane-bound G 
protein composed of a, p and y subunits. Following agonist binding to the receptor, a 

10 conformational change is transmitted to the G protein, which causes the a-subunit to 

exchange a bound GDP molecule for a GTP molecule and to dissociate from the py-subunits. 
The GTP-bound form of the a-subunit typically functions as an effector-modulating moiety, 
leading to the production of second messengers, such as cyclic AMP (e;g., by activation of 
adenylate cyclase), diacylglycerol or inositol phosphates. Greater than 20 different types of 

1 5 a-subunits are known in man, which associate with a smaller pool of p and y subunits. Thus, 
different G-protein coupled receptors may associate with G-proteins having different a, p 
and/or y subunits. For reviews on signal transduction by G-protein coupled receptors, see 
Gilman, A.G. (1987) Annu. Rev. Biochem. 56:615-649; Stryer, L. and Bourne, H.R. (1986) 
Annu. Rev Cell Biol 2:391-419; and Birnbaumer, L. (1990) Annu. Rev. Pharmacol Toxicol 

20 30:675-705. 

Most GPCRs are members of the seven transmembrane segment (7 TMS) receptor 
family. This family is made up of at least several hundred distinct receptors and includes 
receptors that respond to signals ranging from environmental stimuli, such as photons, 
odorant molecules and sweet tasting sugars, to molecules involved in intercellular 

25 communication, such as biogenic amines, lipids, peptides and glycoproteins, including 

neurotransmitters, neuromodulators and hormones. Structurally, the receptors of the 7 TMS 
family are composed of an extracellular amino terminal domain, seven hydrophobic regions 
that span the cell membrane, six "loop" domains that connect the transmembrane segments (3 • 
intracellular and 3 extracellular) and, for many but not all members, an intracellular carboxy 

30 terminal domain. The transmembrane segments of 7 TMS family members exhibit 

considerable homology, whereas the connecting loops are less conserved, showing high 
homology only between closely related receptor subtypes. Two of the most extensively 
studied 7 TMS receptors are rhodopsin, which is expressed in the retinal rod cells and 
converts light energy into a neurochemical signal (see e.g., Nathans, J. (19&7) Annu. Rev, 

35 Neurosci. 10:163-194) and the p2-adrenergic receptor, which is expressed in most 

mammalian tissues and activates adenylate cyclase to produce cAMP (see e.g., Dixon, R.A.F. 
et al. (1986) Nature 321:75-79). Additionally, the conserved structure among 7 TMS . 
receptors has allowed for the cloning of many novel genes encoding 7 TMS receptors whose 
natural ligand and function are yet to be elucidated. These receptors have been referred to as 
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Science, 14:303-307 ( ^ ^"^ Wfl ™ t 

e ponsrble for human dtseases are bemg elucidated at an increasing ra ,e and may be either 
i ^:2" C,,0n - E -P'« -,„de mutation oft 

«TnZ e r° r ^ 10 ^id adenomas (see e.g Parma J 

« al. (,993, Naiure 265:649-65.), mutation of the rhodopsin gene, .eading to ,e imtT 
pigmentosa (see e.g Keen TJ » a l noo«/~ • ,, retinitis 
(1992) AW„ 9 7?, ,™ ( J } Gc "°"""il :1 99-205 ; and Robinson, p.R. et „. 

(1992) AW 2.719-725), mutation of the luteinizing hormone receptor gene leadin, to 
£c~» puberty (see e.g., Shenker, A. e, al. (1993, We 365:o5 2 -6M) aid m t of 

Clark reCeP, ° r 8rae ' leadi ° 8 '° «*^Ti g 

CW, AIM al. (,993) Lance, 341:461-462,. For a review of the role of GPCrX 
dtsease, see Coughlin, S.R. (1994) Curr. Op. Cell. Biol 6191-197 

mflu ncmg the acvfy of G-protein coupled receptors. Examp.es include agonist JL of 
gor^otropm-re.easmg hormone, such as leuproHde, gonadorelin and nafaJn hte 
been used to treat prostate and breast carcinomas, uterine leimyomatas, endom t^ L 

al. (1992) .to. Fan,. «,,™<m 41:1777-1782), me cardiac (^adrenergic receptor antagonist 
propranolol, which has been used to treat hypertension, angina pectoris and JcZc 
^ers (see e,., Nace, G.S. and Wood, A., (19*7) Cli, PHar^Jn^ 
Ananft, J. and Un, K.M. (1986) Neuropsychology 15:20-27), the pulmonaW 
taA '(W^T me *f roteren01, has been used as a bronchodilabr (see e.g., 

jSSJ W93; ° hoy,M ' " d Midd,aon ' RK ' ('"owe/ 

Summary of the Inventinn 

disea.^ 0 '™ in>P °' 1a ° t "* " ^ " ^ - *«« 

disease «, assays tha, aUow for me identification of agonists „, antagonists of GPCRs 

- htghly destrab.. This invention provides functional bioassays for idling ^ 

Z T ^ 7° ° f ° PCRS - ^ ^ *»«*» - ^Ple rapid an^ 
hgh-throughput. Moreover, these screening methods enable tnanunalian GPCR^d i„ 
particular human GPCRs, ,„ be assayed within a mammalian ceUular environment 
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Compounds can be tested in these assays singly or, more preferably, in libraries of 
compounds. Thus, the assays allow for rapid screening of large panels of compounds. 
Furthermore, the assays of the invention can be applied both to known GPCRs and to 
"orphan" GPCRs for which a natural ligand is unknown. Thus, the methods of the invention 

5 are useful for identifying therapeutically useful agonists or antagonists of known GPCRs as 
well as for investigating the function of orphan GPCRs. 

In the methods of the invention, a population of indicator cells (e.g., mammalian 
cells) is contacted with a test composition containing one or more test compounds, at least 
one parameter of cellular metabolism of the indicator cells is measured and the test 

1 0 compound(s) is identified as a receptor agonist or antagonist. The indicator cells express the 
GPCR of interest, preferably by introduction into the cells of a nucleic acid molecule 
encoding the GPCR. The test composition can include one or several (e.g., a library) of test 
compounds. Additionally the test composition may include one or more known receptor 
agonists or antagonists. For example, a test compound can be identified as a receptor 

15 antagonist based upon its ability to alter the effects of a known receptor agonist on the 
indicator cells when the indicator cells are contacted with both the test compound and the 
known receptor agonist. Furthermore, the test composition can include one or more agents 
that alter the metabolism of a second messenger(s) in the indicator cells. 

Preferred GPCRs for use in the assays of the invention include luteinizing hormone 

20 releasing hormone receptor (LHRH-R; also referred to as gonadotropin releasing hormone 
receptor (GnRH)), Ml muscarinic receptor and p2-adrenergic receptor (P2-AR). In another 
embodiment, the GPCR couples to a Gq/1 1 G-protein (e.g., LHRH-R, acetylcholine, 
adenosine 1, a-adrenergic, angiotensin, bombesin, bradykinin, C5a, cholycystokinin, 
endothelin, glutamate, 5HT, histamine (HI subtype), neurotensin, neurokinin, oxytocin, 

25 thyrotropin releasing hormone, thyroid stimulating hormone, thromoboxane A2 and 

vasopressin). In another embodiment, the GPCR couples to a Gs G-protein (e.g., p2-AR, 
cardiac p-adrenergic, histamine (H2 subtype), thyrotropin, growth hormone releasing factor 
and adrenocorticotropic hormone). In yet another embodiment, the GPCR is a chimeric ^ : >^, 
receptor composed of at least one ligand binding domain of a first seven transmembrane 

30 segment receptor and at least one signal transduction domain of a second seven 

transmembrane segment receptor such that the chimeric receptor couples to a Gq/1 1 G- 
protein in the indicator cells. In still another embodiment, the GPCR is an oiphan receptor 
(i.e., the natural ligand for the G-protein coupled receptor is unknown). 

In one embodiment of the screening assay of the invention, the parameter of cellular 

35 metabolism that is measured in the indicator cells is viability or proliferation. For example, a 
test compound can be identified as a receptor agonist based upon its ability to decrease the 
viability and/or proliferation of the indicator cells when contacted with the indicator cells. 
Alternatively, a test compound can be identified as a receptor antagonist based upon its 
ability to increase the viability and/or proliferation of the indicator cells when contacted with 
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to indicator cells and a known receptor agonist. In this embodiment the GPCR orefe, aH 
couples ,o a G,/l , G-pro,ei„ (e.g., LHRH-R) „ r is . chimeric G PCR com™,, 7 ' 

^ »*■*»« of to screening assay of the invention, the parameter of 
^ar metabobsm tha t is measu^.i,, me mdicat0I ^ „ ^ m >, ™ 

*n h morphology of the indicator cells when contacted with the indie tor ceUs 
M„y . « Mmpound CM „, ito . fied u a ^ 

> indicator cells and a known receptor agonist. 

^ombtnant G-protem coupled receptor on a membrane of the cel. for use as an indicator cel. 
.» toscreemng assay, In this method, a nucleic acid molecule that encodes the "ecemo T 
mtroduced ,„to the ce„ under culture conditions in which Nation of Jr^p „ t 
receptor agonists is inhibited. A stable population of cells expressing a recombinant G 
protein coup.d receptor in a culture medium under culture conditions in wh,"tion of 
to receptor by receptor agonists is inhibited is also within the scope of the invent! 

Nucleic acd molecules encoding chimeric GPCRs and host cells express™ GPCRs 
are also provided by the invention. ^pressing GPCRs 

Brief Desrriplin- .fj h e Drawin g 

Figure 1A-B are graphic representations of the reduction of MTT by CHO cell, 
eceptor (LHRH-R) (panel B), ,„ me presence of increasing concentrations of an LHRH-R 

Figure 2A-B are graphic representations of the reduction of MTTbv Cttn „\u \u 
untransfected (pane. A) or transfected to express Ml muscarinic 

lone, „g concenuanons of an Ml muscarinic receptor antagonist (pirenzepine alone 
antagonist concentrations of agonist together with 1 uM (panel B only)/l 0 uM^ir 1 00 pM 

Figure 3 is a graphic representations of the reduction of MTT by CHO celU 
-refected with „e LHRH receptor in as assay in which a combinatorial peptide library was 
mcutaed with to CHO cells in either the presence (filled ba.) or absence (open ba^to 
LHRH agonist D-His 6 -LHRH (at 1 nM). In two samples, a known LHRH agonist or 
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Figure 4 is a photograph of CHO cells showing the effect of the 02-adrenergic 
receptor agonist salbutamol on the morphology and alignment of CHO cells expressing the 
human J$2-adrenergic receptor. 



5 Detailed Description of the Invention 

This invention provides methods for identifying G-protein coupled receptor (GPCR) 
agonists or antagonists, i.e., screening assays for agents that stimulate or inhibit the activity 
of a GPCR. The methods of the invention are functional bioassays. The methods are based, 
at least in part, on the discovery of detectable changes in cellular metabolism that occur in 

10 indicator cells expressing the GPCR when the indicator cells are contacted with a receptor 
agonist or antagonist. In various embodiments of the invention, these detectable changes in 
cellular metabolism include changes in cell viability, cell proliferation or cell morphology. 
For example, one embodiment of the method of the invention is based, at least in part, on the 
discovery that an indicator cell expressing a GPCR displays decreased cell viability and/or 

15 proliferation in the presence of a receptor agonist. Moreover, cell viability and/or 

proliferation in the presence of a receptor agonist can be restored by the additional presence 
of a receptor antagonist. Another embodiment of the method of the invention is based, at 
least in part, on the discovery that an indicator cell expressing a GPCR displays detectable 
changes in cell morphology in the presence of a receptor agonist and that these morphological 

20 changes are reversed in the presence of a receptor antagonist. 

The methods of the invention are simple, rapid and high-throughput assays that allow 
for the efficient screening of either individual compounds or libraries of compounds. 
Furthermore, these methods are widely applicable to different GPCRs and can even be used 
to identify ligands for "orphan" receptors of unknown function. Accordingly, the methods of 

25 the invention can be used both to investigate GPCR function and to identify compounds 
useful for manipulating or altering GPCR activity, e.g., for therapeutic purposes. In a 
preferred embodiment of the invention, mammalian cells are used as indicator cells in the 
screening assays, thereby allowing for identification of agonist or antagonists of mammalian - 
GPCRs in the context of a mammalian cellular environment. 

30 Other aspects of the invention pertain to methods for preparing indicator cells useful 

in the screening assays of the invention and compositions, e.g., cells and vectors, used in the 
assays. The various aspects of the invention are described in further detail below. 

In one embodiment, the invention provides a method for identifying an agonist or 
35 antagonist of a G-protein coupled receptor comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound, 

b) measuring at least one parameter of cellular metabolism of the indicator 

cells; and 
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c) identifying the at least one tes, compound of the tea composition as an 
agonist or an antagonist of the G-protein coupled receptor. 

As used herein, the term "G-protein coupled receptor" (or "GPCR") refers to a 

of a, f> and y subunits and which hydrops GTP). Preferably, the GPCR is a "seven 
tansmembrane segment receptor" (or "7 TMS receptor"), which refers to a protein tha, 
strutmirally compnses seven hydrophobic transmembrane sparring regions 

■ .uteinifr'" " f SUftaWe *" UM iB me,h ° dS ° f * e include the 

tang hormone releasing hormone (LHRH) (also known as gonadotropin releasin* 
hormone, GnRH) receptor, the Ml muscarinic receptor and the pLren" „7 Om 
preferred receptors include opioid receptors, endothelin receptors, angiotenXZL 
neuropeptide Y receptors and serotonin K receptors. preceptors, 

Additionally, groups of CPCRs have been classified according the G-protein to which 
^ycouple(,e., associate ^^.^J^^ 

GPCRs tha, couple to a Gq/1 1 G-protein include the following receptors- LHRH (-GnSrn 
ac«y choline (m,, 3 and 5 subtypes), M, muscarinic, adenosl ,. a-aXen e^f ( u^' 
and a,c subtypes), angiotensin (AT1A subtype), bombesin (BE. and BB2 styles) ' 

TT'' ° 5a ' Ch °' WStoki " ta < CCK ° «- CCKb subtypes), enlh e,i n (Eta 
HI subtype), neurotensin, neurokinin (NK2, 3 subtypes), oxytocin, thyrotropin releasing 

S3 1 fl,yroid SUmula,ins homione asH) ' " «" ~« 

In another embodiment, the GPCR used in the screening assay couples to (i e 
^sociates „,,„) . Gs G . protem . „ f GpcRs ^ q P <■ ^ 

followmg receptors: ^-adrenergic, cardiao (.-adrenergic, histoine <H2 LypT 
ft^pm, growth hormone re.eas.ng facto, adre^cornco.opic hormone (Aa^ 5HTd 
olhCe stimutang hormone (FSH), thyroid stimulating hormone (TSH), GLP-lZZ 

intestinal polypeptide and parathyroid hormone. "oacnve 

In another embodiment, me GPCR used in the screening assay couples to (i e 
™ with) a 0i G-protein. Examples of GPCRs that e„up.e to a Gj G-protem'include 
*e followmgreceptors: 5HT(1A, IB, !D and >F subtypes), m Gh,tami eR (2. 3 subtypes 

m - Pami ° e " 2 W Camabin0id - (A3), ~in (4, 3 

subtypes), u-opiod, 8-opiod, K-opiod, neuropeptide Y (1, 2 subtypes) 

In yet another embodiment, the GPCR is what has been referred to in the art as an 

bu^" TiT ^^^''"^^^^'^imilartoottherGPCRs 
but for which me natura, iigand is imknown prior to use of the orphan receptor in the 
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screening assay of the invention. In this latter embodiment, the screening assay can thus be 
used to identify test compounds as ligands of the orphan receptor. For example, naturally- 
occurring substances can be screened in the assay to investigate whether they are natural 
ligands for the orphan receptor. Accordingly, in addition to allowing for agonists and 
5 antagonists of known GPCRs to be identified, the bioassays of the invention also are useful 
for investigating the function of orphan GPCRs by identifying ligands for these receptors. 

As used herein, a receptor "antagonist" refers to an agent that inhibits the activity of a 
GPCR, whereas a receptor "agonist" refers to an agent that stimulates the activity of a GPCR. 
Inhibition or stimulation of receptor activity by an antagonist or agonist, respectively, may be 
1 0 partial or complete. 

As used herein, the term "population of indicator cells" refers to a multiplicity of cells 
that express at least one GPCR of interest (i.e., the GPCR for which a receptor agonist or 
antagonist is to be identified). An indicator cell "expresses" a GPCR when the GPCR is 
present on a membrane of the indicator cells. The indicator cells may naturally express the 
1 5 GPCR of interest (also referred to as "endogenous" expression) or, more preferably, the 
indicator cells express the GPCR of interest because a a nucleic acid molecule that encodes 
the receptor has been introduced into the indicator cells, thereby allowing for expression of 
the receptor on the membrane of the cells (also referred to as "exogenous" expression). 

Cells which endogenously express a GPCR are well known in the art and can be used 
20 in the screening assay of the invention. However, more preferably, an indicator cell for use in 
the assay is prepared by introducing into the cell a nucleic acid(e.g., DNA) encoding the 
GPCR of interest such that the GPCR is expressed on a membrane of the cell. Preferably, the 
indicator cell does not express the GPCR of interest prior to introducing the GPCR-encoding 
nucleic acid into the cell. The GPCR-encoding nucleic acid introduced into the cell is in a 
25 form suitable for expression of the receptor on a membrane of the cell, meaning that the 

nucleic acid contains all of the coding and regulatory sequences required for transcription and 
translation of the nucleic acid encoding the GPCR, which may include promoters, enhancers 
and polyadenylation signals, and sequences necessary for transport of the receptor to the 
surface of the cell, including N-terminal leader sequences. In a preferred embodiment, the 
30 nucleic acid introduced into the cells is a recombinant expression vector carrying a cDNA 
encoding the GPCR. In recombinant expression vectors, the regulatory functions responsible 
for transcription and/or translation of the cDNA are often provided by viral sequences. 
Examples of commonly used viral promoters and/or enhancers include those derived from 
polyoma, Adenovirus 2, cytomegalovirus and Simian Virus 40, and retroviral LTRs. Suitable 
35 expression vectors for expression of a GPCR in an indicator cell are well known in the art 
and many are commercially available. The recombinant expression vector can be, for 
example, a plasmid vector or a viral vector (e.g., a retroviral vector, an adenoviral vector or 
an adeno-associated viral vector). Expression of the GPCR on the surface of the indicator 
cell can be accomplished, for example, by including the native sequence of the GPCR' in the 
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heterologous leader sequence can improve JeffiTnL °* ° f 3 

«... For example, ft. leader sequence from ^ ™L ° f « * « In- 

to the native sequence of a GPCR P 1 * W> acuvator (tPA) can be added 

desred, ,o modulate the responsiveness S^^t"* - * 
nthOy ,„ agonists or at ^ u> For MllS ( «*• '° °r decrease their 

protein of interest (,g., Gq/M a O « c^H ra ° leCU ' e ^ * 

•^-proteinise* 

protein in a host eel, which endogenous. r * ^" 

express mat particular G-p,otein) " 3 host ceU wl >'<* does not endogenous* 

P««» 8 ele^^ 

^enUipofectio^i^^^^ ^ J^'^^™ 
mtroducing nuceic acid into cells can be found in Sambrook «7Z rT ** 

Jtolta-^^ Cold Spring H^^gS" 
laboratory manuals, and kits for transfecting cells are com™ ,, , ' 

nucletc acd. Stable transfection can be accomplished bv u^ „f GPCR - e »^»>8 
expression vector (e.g., an episomal vector, ^^^TTT' 
*. CPCR-encoding nucleic acid into their geno« T T ' 
of transfected ce.,s integrate ft. introduced n^acS ' * ^ 
to transfec, a nucleic acid encoding . ZlT'T iTT"^ * 

resistance to drum ac r a\ o u . »«-iuue mose winch confer 

induced J^^iSrrT^^^^'« 

'~»asepa,a,e„„c^ 

mammals fe 2 GPPRc „f ,C . " ^ 15 fr ° m humans or 

to assay systems that utilize veast (e o ppta ,• . env,ronment - 11118 15 'n contrast 

y asi ^ e, 8 » PCT Application No WO Q4mni« j 1 
M.E. e, al. (1994) free. Sac. Exp. Biol. Uei 206^4W T ' "* 

r mea. ^Ufi.35-44) or pigment cells from amphibians or 
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reptiles (e.g., PCT Application No. WO 92/0 1 8 1 0; and Lemer, M.R. ( 1 994) Trends in 
Neuroscience 17:142-146). Non-limiting examples of suitable mammalian cell lines that can 
be used to prepare indicator cells for use in the methods of the invention include Chinese 
Hamster Ovaiy (CHO) cells, COS cells, 3T3 cells, HeLa cells and 293 cells. The most 
5 preferred cells for use in the methods of the invention are CHO cells. Other similarly suitable 
cells will be apparent to those skilled in the art. Mammalian cell lines from which indicator 
cells can be prepared are available from the American Type Culture Collection, Rockville, 
MD. 

As used herein, the term "test composition" is intended to encompass material that 

10 includes at least one "test compound", which refers to a compound to be assayed to determine 
whether it is a receptor agonist or antagonist. A test composition may contain a single test 
compound or multiple test compounds. For example, the test composition can include a 
library of test compounds, e.g., a combinatorial library of peptides. A library of test 
compounds can be screened in pools, and the pools that test positive for a receptor agonist or 

1 5 antagonist can be subdivided and rescreened. This process then can be repeated as necessary 
until a single positive test compound is identified from the library. 

Optionally, the test composition can include additional substances. Additional 
substances that can be included in the test composition include known receptor agonists and 
known receptor antagonists. For example, a known receptor agonist can be included in the 

20 test composition to elicit a metabolic response from the indicator cells and a test compound 
can be identified as a receptor antagonist based upon its ability to reverse or inhibit the 
metabolic response elicited by the receptor agonist. Similarly, a known receptor antagonist 
can be included in the test composition to elicit a metabolic response from the indicator cells 
and a test compound can be identified as a receptor agonist based upon its ability to reverse 

25 or inhibit the metabolic response elicited by the receptor antagonist. Other substances that 
can be included in the test composition include agents that alter the metabolism of second 
messengers in the indicator cells. Examples of such agents include phorbol esters (e.g., 
phorbol myristate acetate), calcium ionophores (e.g., A23187), phosphodiesterase inhibitors 
(e.g., isobutyl-methylxanthine) and staurosporine. Such agents can be included in the test 

30 composition to alter (e.g., increase or decrease) the sensitivity of the indicator cells to the test 
compound(s) and/or a known receptor agonist or antagonist. 

As used herein, the term "parameter of cellular metabolism" is intended to include 
detectable indicators of cellular responses that are regulated, at least in part, by a GPCR 
expressed by the indicator cell. Examples of parameters of cellular metabolism that can be 

35 measured or determined in the assays of the invention include cellular viability, cellular 

proliferation and cellular morphology (explained in further detail below). A test compound is 
identified as a receptor agonist or antagonist based upon its causing a change in at least one 
parameter of cellular metabolism of the indicator cells when the test compound is contacted 
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«h .he indicator ce„s, as compared ,o «he cellular metabolism of ,hc indicator cells i„ the 
absence of the test compound. ™»mine 

In one eralwdimen, of the invention, « agonist or antagonist of a GPCR is identified 

5 els r Z ^ ,0 alKr ^ * "** Pr ° lifCrati011 ° f 2 ***** «» " 
5 ceils Accordmgly, ,„ „ embodiment, fc inventio „ provide5 •*» 

agorus, or an antagonist of a G-pro,ein coupled receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) measuring viability or proliferation of the indicator cells- and 

• identifying the a, least one test compourKl as an agonist or an antagonist of 
the G-protem coupled receptor. ""■agnnisi oi 

As described in further detail in Examples 2 and 3, GPCR-expressing indicator cells 
of the mvenuon exhtbt, decreased cell viability artd/or proliferation when contact with 
1 5 receptor ages,. Moreover, mis decreased cel, viability ^ prolifoation ^ 

cells can be counteracted, or reversed, by further contact of the indicator cells with a receptor 
antagonist Therefore, a, es, compound cat, be idenufied as an agonist of a GPCR based upon 

conned wtth , e cells, as compared to the viability and/or proliferation of the indicator ceUs 
20 in the absence of the test compound. 

In another embodiment, the test composition comprises a test compound(s) and at 
least one known receptor agonist or antagonist. For example, a test compound can be 
idtttfied as an antagonist of a GPCR based upon its ability to increase the viability and/or 
prohferation of a population of indicator cells when contacted with the cells in the presence 
of a receptor agonist, as compared to the viability and/or proliferation of the indicator cells in 
the presence of the receptor agonist alone. Accordingly, in another embodiment, the 
invention provides a method for identifying an antagonist of a G-protein coupled receptor 
comprising: y y 9 

a) contacting a population of indicator cells with a test composition 
30 containing at least one test compound and at least one known receptor agonist; 

b) measuring viability or proliferation of the indicator cells; and 

c) identifying the at least one test compound as an antagonist of the G-protein 
coupled receptor. v 



35 



Since, in this system, the identified antagonist has a positive effect on the indicator cells (i e 
the antagonist restores the viability and/or proliferative response of the cells), it is unlikely " 
that false positives will be identified by the assay. This is in contrast to an assay system 
wherem antagonist stimulation leads to cell death, in which case compounds that ; 



: are non- 
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specifically toxic to the cells would be selected in addition to compounds that act specifically 
as receptor antagonists. 

The viability or proliferation of the indicator cells can be measured by one of several 
suitable techniques well known in the art. For example, cell viability can be determined by 
5 cell counts (e.g., with a haemocytometer) of cells, preferably treated with a dye such as 
trypan blue (which is excluded from viable cells) or by measuring an enzymatic activity in 
the indicator cells that correlates with cell viability, such as reduction of a tetrazolium salt 
(e.g., 3 5 (4,4-dimethylthiazol-2-yl)2,5-diphenyl-tetrazolium bromide [MTT]), which can be 
detected spectrophotometrically (see Examples 2 and 3). Additionally, cell viability can be 
1 0 determined using such indicator dyes as propidium iodide, acridine orange and Hoechst 

33342. Cell proliferation can also be determined, for example, by tritiated thymidine uptake. 
For mammalian cells, measurement of cell viability or proliferation of the indicator cells is 
typically performed at about 2 to 7 days after contact with the test composition. 

A preferred GPCR for use in this assay system is LHRH-R. As demonstrated in 
1 5 Example 2, when an LHRH-R-expressing Chinese Hamster Ovary (CHO) cell is contacted 
with a known LHRH-R agonist, the reduction of MTT by the cells (as an indicator of cell 
viability) is decreased. Moreover, when the LHRH-R-expressing CHO cells are contacted 
with both the receptor agonist and a known receptor antagonist, the decreased viability of the 
cells induced by the agonist is reversed. A test compound(s) can similarly be screened 
20 against such cells and the viability and/or proliferation of the cells measured to identify the 
test compound(s) as a receptor agonist or antagonist. Known LHRH-R agonists or 
antagonists, which can be included in the test composition (e.g., a known agonist may be 
included in the test composition to identify test compounds as receptor antagonists) are 
commercially available (e.g., from Sigma Chemical Co., St. Louis, MO). Preferred LHRH-R 
25 agonists include LHRH analogues such as [D-His^J-LHRH, whereas a preferred LHRH-R 
antagonist is antide. 

Another preferred GPCR for use in this assay system is the Ml muscarine receptor ^ -A^^i 
As demonstrated in Example 3, when an Ml muscarinic receptor-expressing CHO cell is^;^^^: 
contacted with a known Ml muscarinic receptor agonist, the reduction of MTT by the cells 

30 (as an indicator of cell viability) is decreased. Moreover, when the Ml muscarinic receptor- 
expressing CHO cells are contacted with both the receptor agonist and a known receptor 
antagonist, the decreased viability of the cells induced by the agonist is reversed. A test 
compound(s) can similarly be screening against such cells and the viability and/or 
proliferation of the cells measured to identify the test compound(s) as a receptor agonist or 

35 antagonist. Known Ml muscarinic receptor agonists or antagonists, which can be included in 
the test composition (e.g., a known agonist may be included in the test composition to 
identify test compounds as receptor antagonists) are commercially available (e.g., from 
Sigma Chemical Co., St. Louis, MO). A preferred Ml muscarinic receptor agonist is 
carbachol, whereas a preferred Ml muscarinic receptor antagonist is pirenzepine. 
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used « t'^T? emb0dimCn, • Whe " " « «* h**r ce,U is 

used as the metabolic parameter based upon whieh a test compound is identified as . I 
agonis, or an tegonist , ^ GpcR ^ fcy ^ ^S^'^" 

protein. ,„ addition ,„ the LHRH receptor described above, other exL I of QpcL , 
5 coupletoaOo/11 G-protein include the following receptors- Ml m , 

(ml, 3 and 5 subtypes,, adenosine ,. a-adrenergi U B Z^cT' 

v i, j auoiypesj, 5Hf(2A, B and C subtypes), histamine mi =„>,^,_^ 
10 neurokinin (NIO l „,w,. * • msnmine (HI subtype), neurotensin, 

urolunin (NK2, 3 subtypes), oxytocin, thyrotropin releasing hormone (TRH) TSH 
thromoboxaneA2 and vasopressin (Via subtypes). ne U KH), TSH, 

GPCR ^.T*" emb ° dimCM ' GPCR ^ ta ^ fimcli ™ al * a chimeric 

GPCR. The chimenc receptor comprises a. .east one ligand binding domain of a firs, slZ 

^smembrane segment (7 TMS) receptor and a, leas, one signal transductio doll Z7 
1 n SC T & ~ r " eSe8meW(7TMS) ~ >» a preferred emo^Z. ft 

such that ,he chmenc receptor couples to a Go/1 1 G-protei„ i„ the indicator cells In ofte, 
embodiments, the signal transduction domain of the second seven h 

20 G s or Gi, in the indicator cells. Jl^ oi u protein, e.g., 

Regarding the structure of 7 TMS receptors, ,he transmembrane segments will be 

~ ;r; T s i - VI1 (from ,o c -'« «« <^ »~ 

25 EC w ■ I T* V ^ ** ** mraCe " ute '°°>* ™« "e refeneTto™ 

VII). The ligand binding doman,- of a 7 TMS receptor refers to the pornWs) of the 
«cep or ma, , s necessary for recognidon of, li g „d by me receptor, LZ * ^ a. 
transduction domain" of a 7 TMS receptor refers to the portion(s) of the receptor thatls^ 

portions^ 1™" T*" ° f ^ ' ™ S « W of 

portions of one 7 TMS receptor fused to portions of a second 7 TMS receptor, have been 

scribed ,n the art. For e X amp.e, chimeras have been constructed be JL o2- and P 2 

determinant of a 7 T^ ^ *""«—«' *stinc, s,ruc,ural 

'oTg rcCeP, ° r C ° nttibU,e *° ** Ueand bi "^ ^« rf<"« -cep to , 

ortothe G-protein couplmg propenies of ,he recep,or. In particular, determinants involved 
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in G-protein recognition have; been mapped to intracellular loop 3 (IC 3), which connects 
TMS V and TMS VI. Accordingly, in one embodiment, the "at least one signal transduction 
domain of a second 7 TMS receptor" of the chimeric receptor comprises at least intracellular 
loop 3 (IC 3) of a 7 TMS receptor that couples to a G-protein of interest, e.g., a Gq/1 1, G s or 
* 5 G j G-protein. 

Preferably, IC 3 from an LHRH receptor (which couples to Gq/1 1) is used. More 
preferably, IC 3 from the human LHRH receptor is used. The nucleotide and amino acid 
sequences of mouse and human LHRH-R are disclosed in PCT Publication No. WO 
94/00590 by S.C. Sealfon. According to the amino acid sequence of human LHRH-R 

10 disclosed therein, IC 3 corresponds to about amino acid residues 234 to 268. Therefore, to 
construct a chimeric GPCR comprising IC 3 of human LHRH-R, a nucleotide sequence 
encoding amino acid residues 234 to 268 of human LHRH-R is exchanged for the nucleotide 
sequence encoding IC 3 of another 7 TMS receptor using standard recombinant DNA 
techniques (such as the polymerase chain reaction, restriction endonuclease digestion, DNA 

1 5 ligation and the like). For example, to construct a p2-adrenergic receptor (p2-AR)/LHRH-R 
chimeric receptor, the region of the (12-AR cDNA encoding IC 3 is deleted and replaced with 
a nucleotide sequence encoding IC 3 of LHRH-R. This chimeric cDNA can be cloned into a 
recombinant expression vector and introduced into host cells by standard techniques, as 
described above, to create indicator cells expressing the chimeric receptor for use in the 

20 bioassays of the invention. 

In addition to IC 3, the chimeric receptor may contain additional portions of the 
second 7 TMS receptor involved in signal transduction, such as IC 1 and/or IC 2. For 
example, when the second 7 TMS receptor of the chimera is human LHRH-R, amino acid 
residues 62-76 (corresponding to IC 1) and/or 140-1 56 (corresponding to IC 2) of human 

25 LHRH-R can be exchanged for the equivalent IC 1 and/or IC 2 domains of the first 7 TMS 
receptor of the chimera. Moreover, a carboxy terminal region may be deleted or added to the 
chimera. For example, when the first 7 TMS receptor of the chimera (which contributes the ^ 
ligand binding domain(s)) normally incudes a carboxy terminal region and the second 7 
receptor of the chimera (which contributes the signal transduction domain(s)) is LHRH-R, the 

30 carboxy terminal region of the first 7 TMS receptor may be deleted or omitted from the 
chimera since the LHRH receptor normally lacks a carboxy terminal region. 

In another embodiment of the invention, an agonist or antagonist of a GPCR is 
identified based upon its ability to alter the cellular morphology of a population of indicator 
35 cells. Accordingly, the invention provides a method for identifying an agonist or an 
antagonist of a G-protein coupled receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) determining the morphology of the indicator cells; and 
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c) identifying the at least one test comoound a*. an a „« • . 
the G-protein coupled receptor. 8 ° niSt ° r anto 8 0ni « «f 

It has been observed that GPCR-expressing indicator cells of a. • • 
5 changes in cellular nephology when contacted Jth a" ^ IT"* f"* 

LHRH-R) become more rounded and detach from the culture Hick u P r0Tein W. 

or reversed, by further contact of indicator eel "^ T 8 " " 
.est compound can be identified as an a g o2oT GPCR wl "Tf " 
cellar morphology of indicator ce„s, i«^^^. , °r , 1 ? ,e 
ofthetes, conrpo^^.Hecensa.econ.aLwi, — 

h another embodiment of this bioassay, the conlposition ^ 
ornpoun (s, and a, leas, one known receptor agonist or antagonist. For e^ a tes, 
« can be .dentified as an antagonist of a GPCR based upon its ab^T 
presence of a receptor agonist, to return the indicator cells to their ori.i™. v , 
cultured in the absence of the agonist. Accordingly ^0!^ T ^ 
20 provides a metW f„, m .-a embodiment, the invention 

P method for .denffymg an Agonist of a G-protein coupled receptor, comprising. 

con,™ ./^"'"•'"^^''■'^""•-^^wiUtatestcomposition 
contammg a, ,eas, one tes, compound and a, .east one known receptor agomst 

b) determining the cellular morphology of the indicator cells- and 
25 coup,ed recepto! ^ " *" ^ " " C-protein 

rntcroscopy Mpreov „, ^ ^ „ ^ ^ ^ ^ ^ 
P—ofceUularrnorphology.suchasceUsurfacearea. Formamm" 

OPCRs as previously described herein can be used in this bioassay wherein recentor 
agents,, or antagonists are identified based upon their effect o„ me mo Jho.oly of *e 
.ndtcator cells. For example, in various embodiments, the GPCR can couple to a Go/1 1 G 

Another aspect of the invention pertains to methods for prepaid celk that PY 
recombinant GPPPc tu •> . preparing cells that express 

ombman, GPCRs. These cells are su.table for use as indicator cells in the bioassays of the 
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invention. The methods of the invention for preparing GPCR-expressing cells are based, at 
least in part, on the discovery that stimulation of a recombinant GPCR expressed on a host 
cell with a receptor agonist can lead to decreased cell viability and/or decreased cell 
proliferation. Accordingly, for improved generation of GPCR-expressing cells, stimulation 
of the GPCR by receptor agonists is inhibited or avoided. Thus, the invention provides an 
improved method for preparing a cell that expresses a recombinant G-protein coupled 
receptor on a membrane of the cell comprising introducing into the cell a nucleic acid 
molecule that encodes the receptor such that the receptor is expressed on a membrane of the 
cell, under culture conditions in which stimulation of the receptor by receptor agonists is 
inhibited. 

As used herein, the term "recombinant G-protein coupled receptor" refers to a GPCR 
that is encoded by an exogenous nucleic acid molecule introduced into a host cell (e.g., the 
GPCR is encoded by a recombinant expression vector that is transfected into the host cell). 
Preferably, the host cell lacks endogenous expression of the GPCR. The recombinant GPCR 
may be derived from the same species as the host cell or from a different species than the host 
cell (e.g., a human recombinant GPCR can be expressed on a non-human host cell, such as a 
CHO, COS or3T3 cell, etc.). 

In one embodiment of the method for generating a cell expressing a recombinant 
GPCR, the "culture conditions in which stimulation of the receptor by receptor agonists is 
inhibited" comprise culture of the cell in a medium that contains a receptor antagonist. 
Known receptor antagonists for many different GPCRs are commercially available. For 
example, for LHRH-R, the known receptor antagonist antide can be included in the medium 
or, for the Ml muscarinic receptor, the known receptor antagonist pirenzepine can be 
included in the medium. 

In another embodiment of the method for generating a cell expressing a recombinant 
GPCR, the "culture conditions in which stimulation of the receptor by receptor agonists is 
inhibited" comprise culture of the cell in a medium that lacks receptor agonists. Media that 
lack receptor agonists may be prepared, for example, using serum from which receptpr ; ^ . , 
agonists have been removed, e.g., by dialysis. For example, dialyzed fetal bovine serum can 
be used as the source of growth factors for the cells. 

In the method of the invention for preparing a GPCR-expressing cell, the cell can be 
maintained under the culture conditions in which stimulation of the receptor by receptor 
agonists is inhibited until stable expression of the receptor on a membrane of the cell is 
achieved. Accordingly, the invention further provides methods for preparing stable 
populations of cells expressing recombinant GPCRs. As used herein, a "stable" cell 
population refers to cells whose expression of a recombinant GPCR remains essentially 
unchanged over time in culture (e.g., due to integration of the GPCR-encoding nucleic acid 
into the genome of the cell). Preferably, expression of the GPCR by the cell is stable for at 



WO 96/41169 

PCT/US96/08895 

- 16 - 

Another aspec, of the invention, therefore, penains ,„ s, aWe , a , ions 
™ gK c„ m ^ tG p CRs . TheinventionprovidesimprovedL ^ 
> be used, for example, as indicator cells in the bioassavs of the ™r , 

receptor ,» a culture medium under culture conditions in which stimulation 0 ^^ 
recep or agontsts is inhibited. The -culture conditio, in which stimulation ofte 32 
-ep or agontsts ,s inhibited" can comprise, for examp,e, a culture medium tlu j .X 
) receptor antagonist or a culture medium that lacks rec m .„, „„„•., 

chimeHlGPC^rr,' 7° ^ *° "*'* °° m ™ »*, 

chmenc GPCRs and host cells expressmg chimeric GPCRs. For example, the invention 

11 h COmP ' iSeS " ' eM °" e B «" d btodi »8 domain of a firs, seven 

transmembrane segment receptor at* a, leas, one signal transduction domain of a second 
seven transmembrane segment receptor such tha, the chimeric GPCR coup.es a gI, , G 
proum when me chimeric GPCR is expressed in a host ceU. Prefemhly, the slond f TM S ' 
» receptor ,s an LHRH receptor. More preferably, the second 7 TMS rece^ shllmL 
receptor. ^ f a 7 ms recepI0 , ^ ^ . ^ P J-^HRH 

no. couple ,0 a G,/l ! G-protein. For exam pl e, me firs, 7 TMS receptor car, be p2-aL„Tl 
receptor (which couples * Gj). Nucleic acids encoding chimeric 4,0^ E prtZ 

ponton(s) of the second 7 TMS receptor for the nucleotide sciences enclg the 
corresp,„dmgp„ rtio „ (s)oft h efirst7TMSreceplor(asdescr . be * 

preferred embodiment portion of acDNA encoding me to 7 TMS re«p.or ^ 1 

R. Thus, ,„ one embodtment me nucleic acid of the invention encodes a chimeric receptoT 
compnsmg macular loop 3 of a GPCR ma, coup,es ,0 Go/, 1, preferably ,C 

e^,b0dimen, • te «" fta invention encodes a chitLic re^T 

, »d 3 of LHRH-R). In ye, another embodiment, me nucleic acid of the invention 
^odes a ch,^ re Ceptorcolnprjsjng GPCR that couples 

toGq/ll (e.g., preferably LHRH-R) and furthermore, the carboxy terminal domain of m 
chmtenc receptor ,s de,e,ed. Recombinant expression vectors comprising a nucleic ac 
molecule encodmg a chimeric GPCR and host cells into which such a recombin J 
expresston vector has been introduced are also encompassed by the invention. Such host 
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cells expressing a chimeric GPCR can be used as indicator cells in the bioassays of the 
invention. 

Another aspect of the invention pertains to a Chinese Hamster Ovary (CHO) cell that 
5 expresses a recombinant human luteinizing hormone releasing hormone receptor. Yet 
another aspect of the invention pertains to a Chinese Hamster Ovary cell that expresses a 
recombinant chimeric G-protein coupled receptor. The chimeric receptor comprises at least 
one ligand binding domain of a first seven transmembrane segment receptor and at least one 
signal transduction domain of a second seven transmembrane segment receptor, wherein the 
10 chimeric receptor couples to a Gq/1 1 G-protein in the cell. Preferably, the second 7 TMS 

receptor of the chimera is an LHRH receptor. More preferably, the second 7 TMS receptor of 
the chimera is a human LHRH receptor. The CHO cells of the invention also can be used as 
indicator cells in the bioassays of the invention. 

1 5 The methods of the invention for identifying agonists or antagonists of GPCRs are 

useful for identifying compounds that may be therapeutically useful in the treatment of 
disease conditions that involve aberrant activity of a GPCR. Many human diseases have been 
traced to a mutation in a GPCR (reviewed in Coughlin, S.R. (1994) Curr, Op. Cell Biol 
6:191-1 97). Moreover, many human diseases are currently treated with known agonists or 

20 antagonists of GPCRs. Examples include LHRH agonist such as leuprolide, gonadorelin and 
nafarelin, which have been used to treat prostate and breast carcinomas, uterine leimyomatas, 
endometriosis, precocious puberty and nontumorous ovarian hyperandrogenic syndrome, the 
cardiac P-adrenergic receptor antagonist propranolol, which has been used to treat 
hypertension, angina pectoris and psychiatric disorders, the pulmonary p2-adrenergic 

25 receptor agonist metaproterenol, which has been used as a bronchodilator and the histamine 2 
receptor antagonist cimetidine, which, has been used to treat ulcers and idiopathic urticaria. 
Other examples of GPCRs and their potential clinical indications are as follows: 
acetylcholine (motion sickness); adenosine 1 (renal disease, sleep apnea; cognitive disorders); 
a-adrenergic (hypertension, benign prostatic hypertrophy, impotence); angiotensin (renal 

30 disease); bombesin (small cell lung cancer; smooth muscle contraction); bradykinin 

(inflammation); C5a (inflammation); choly-cystokinin (panic attack; analgesia); endothelin 
(hypertension, myocardial infarction, ulcers, asthma, renal failure); and glutamate (memory 
& learning). Additional and improved receptor agonists and antagonists can be identified 
using the screening assay of the invention. Moreover, ligands of orphan GPCRs of unknown 

35 function can be identified, thereby allowing for an increased understanding of the 

physiological role for these orphan GPCRs and perhaps the use of agonists or antagonists 
therefor as therapeutic targets. 
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«*n T r™" 0 " " fUnher ^ f °" 0Wi " 8 eMn * lK *»H no, be 

co.rn.ed as ,, mtl „ g . The contents of all reference,, patents mi published 

apphcauons ctted throughout this application are hereby incorporated by reference. 

5 EXAMPLES Construction „ fa „ Indicator Cel. Expressing a Luteinizing 

Hormone Releasing Hormone Receptor 

receptor ^Tr" ^ 3 lMefaiZin8 ta ™« ^ hormone 

receptor (LHRH-R), sunable for use m the screening assays of the invention, a cDNA 

1 0 encoang humanLHRH-R was Coned into a recombinant expression vector, the vector was 
uans ected tnto Chmese Hamster Ovary (CHO) ceils and stably nansfected Cones were 

selected as follows. 

A cDNA encoding human LHRH-R protein of the amino acid sequence (the 
"*«* «« ™™ «H sequences of which are disclosed in PCT Publication No 

^dmo.ecula.b.ology techniques. Inthe vector, expression of LHRH-R was direct 
by the SV40 enhancer and the adenovirus major late promoter. Addition^, the vector 
contamed a dmydofolate reductase (DHFR) gene as a selectable marker 

Dihydrofolate reductase-deficien, CHO cells (DUKX B 1 cells; available from the 
-0 Amencan Type Culture Collection, Rockville, MD, Catalog No. ATCC CRL 9010) were 
tranrfected with the above-described LHRH-R expression vector by standard lipofection 
methods (e.g., using the Lipofectin™ reagen, commercially available from Gibco/BRL 
Oa, jtata*. MD). To select stably Ua.sfected clones, the transfected cells were maintained 

b memotrexate. Stable Cones were selected based on thei, acquired methotrexate resist. 
EXAMPLE* Assays for LHRH-R Antagonists and Agonists 

^ L ™- R -^ si "8CHOcellclo„e,asdescribedi„Examplel,was»sedina 
10 ^,0^^^^^^ The cells were plated into 
fte wells o a 96-we.l plate (2500 cells/well) artd cultured in the presence of a known LHRH- 
R agomst a one ((D-HisOJ-LHRH) (commercially available from Sign* Chemical Co. S, 

to! LH,« C B ~ ti °" S te,Wen ' PiC ° m0lar - 1 '° ~ >1 »- « » - I—- of a 
.5 Co ^ u r 80 "' 51 a '° ne (a "' ide) (CM ™'r «•»** from Sigma Chemical 
Co., St. Louts, MO), a. concentrations between 1 piccmolar and 100 nanomolar, or in the 
presence of both the agonist and the arsonist, at various combinations of concentrations. 
As a control, LHRH-R-expressing CHO cells were cultured i„ the absence of any additional 
substances. As another control untransfected CHO DUKX Bl cells were cultured with 
vanous concentrations of agor.s, ( t D-His«].LHRH) alone or antagonist (antide) alone 
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After 5 days of culture, cell viability was assessed using the viability indicator 3,(4,4- 
dimethylthiazoI-2-yl)2,5-diphenyl-tetra2olium bromide (MTT). (See Shearman, M.S. et al. 
(1994) Proc. Natl Acad. Sci USA 91:1470-1474; Hansen, M.B. et al. (1989) 1 lmmun. 
Methods 119:203-210). MTT (commercially available from Sigma Chemical Co., St. Louis, 
5 MO) is a chromogenic substrate that in viable cells is enzymatically reduced from a yellow 
color to a blue color, which can be detected spectrophotometrically. To measure cell viability 
in the presence of the agonist and/or antagonist, MTT (at a final concentration of 1 mg/ml) 
was added to the cells for the final 2.75 hours of culture at 37 °C. Following incubation with 
MTT, the media was removed and the cells were lysed in isopropanol/0.4N HC1 with 

10 agitation. The absorbance of each well at 570 nm was measured to quantitate viable cells. 
Alternatively, MTT was solubilized by addition of 50 % N,N-dimethyl formamide/20 % 
sodium dodecyl sulfate added directly to the media in the wells and viable cells were likewise 
quantitated by measuring absorbance at 570 nm. 

The results of a representative example of a bioassay using LHRH-R-expressing CHO 

1 5 cells are shown graphically in Figure IB, whereas the results with control untransfected CHO 
cells are shown graphically in Figure 1A. The data illustrated in Figure IB demonstrate that 
the viability of the LHRH-R-expressing CHO cells was not affected by the presence of 
increasing amounts of receptor antagonist alone, whereas cell viability was markedly reduced 
in the presence of increasing amounts of receptor agonist alone (indicated by reduced 

20 absorbance at 570 nm). Notably, this reduced cell viability in the presence of the receptor 
agonist was reversed when the receptor antagonist was present together with the receptor 
agonist. This effect was dose dependent, with higher concentrations of receptor antagonist 
leading to greater cell viability. In contrast, neither the agonist or the antagonist had any 
effect on the viability of untransfected CHO cells (Figure 1 A), demonstrating that this 

25 phenomenon is dependent upon the expression of LHRH-R on the CHO cells. 

The results described herein demonstrate that increased viability of the LHRH-R- 
expressing CHO cells in the presence of a receptor agonist and a second compound, as 
compared to viability of the cells in the presence of the agonist alone, indicates that the ^ . , 
second compound is a receptor antagonist. Furthermore, the results demonstrate that 

30 decreased viability of the LHRH-R-expressing CHO cells in the presence of a receptor 
antagonist and a second compound or in the presence of the second compound alone, as 
compared to viability of the cells in the presence of the antagonist alone or in the absence of 
any compounds, indicates that the second compound is a receptor agonist. 

35 !EXAMPLE3 : Assays for Ml Muscarinic Receptor Antagonists and Agonists 

CHO cells transfected to express an Ml muscarinic receptor (e.g., Ml WT3 cells, 
available from the American Type Culture Collection, Rockville, MD, Catalog No. CRL 
1985) were used in a bioassay to identify antagonist or agonists of the Ml muscarinic 
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receptor essentially as described in Example 2. Briefly, the cells were plated into the wells of 
a 96-well plate (2500 cells/well) and cultured in the presence of a know^ Ml muscarinic 
receptor agonist alone (carbachol) (also known as carbamylcholine chloride, commercially 
available from Sigma Chemical Co., S, Louis, MO), at concentrations between 100 
. nanomolar and 10 millimolar, or in the presence of a known Ml muscarinic receptor 

antagonist alone (pirenzepine) (commercially available from Sigma Chemical Co., St. Louis 
MO), at concentrations between 100 nanomolar and 1 millimolar, or in the presence of both ' 
the agonist and the antagonist, at various combinations of concentrations. As a control Ml 
muscannic receptor-expressing CHO cells were cultured in the absence of any additional 
substances. As another control, untransfected CHO DUKX Bl cells were cultured with 
various concentrations of agonist (carbachol) alone or antagonist (pirenzepine) alone 

After 5 days of culture, cell viability was measured using the viability indicator MTT 
as descnbed m Example 2. The results of a representative example of a bioassay using the 
U 1 muscannic receptor-expressing CHO cells are shown graphically in Figure 2B, whereas 
he : results W!th control untransfected CHO cells are shown graphically in Figure 2A. Similar 
to the results observed with the LHRH-R-expressing cells described in Example 2, the data 
illustrated m Figure 2B demonstrate that the viability of the Ml muscarinic receptor- 
expressing CHO cells was not affected by the presence of increasing amounts of receptor 
antagomst (pirenzepine) alone, whereas cell viability was markedly reduced in the presence 
of mcreasmg amounts of receptor agonist (carbachol) alone (indicated by reduced absorbance 
at 570 nm). Notably, this reduced cell viability in the presence of the receptor agonist was 
reversed when the receptor antagonist was present together with the receptor agonist This 
effect was dose dependent, with higher concentrations of receptor antagonist leading to 
greater cell viability. In contrast, neither the agonist or the antagonist had little effect on the 
viab.hty of untransfected CHO cells (Figure 2A), demonstrating that this phenomenon was 
dependent upon the expression of Ml muscarinic receptor on the CHO cells. 

The results described herein demonstrate that increased viability of the Ml muscarinic 
receptor-expressing CHO cells in the presence of a receptor agonist and a second compound 
as compared to viability of the cells in the presence of the agonist alone, indicates that the ' 
second compound is a receptor antagonist. Furthermore, the results demonstrate that 
decreased viability of the Ml muscarinic receptor-expressing CHO cells in the presence of a 
receptor antagonist and a second compound or in the presence of the second compound alone 
as compared to viability of the cells in the presence of the antagonist alone or in the absence ' 
of any compounds, indicates that the second compound is a receptor agonist 

EXAMPLE 4 : Screening of a Library of Test Compounds 

An LHRH-R-expressing cell line, prepared as described in Example 1 , was incubated 
with a library of compounds to identify agonists or antagonists of the receptor. The library 
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was comprised of at least 100 .different peptide compounds produced using combinatorial 
methods, divided into 10 sample pools of at least 10 compounds each. The final 
concentration of peptide was 1.5 \xM in each well of the 96-well plate. Two of the samples 
were "spiked" with either the LHRH-R antagonist antide (in sample 6 at 1.5 ^iM) or the 
LHRH-R agonist D-His 6 -LHRH (in sample 4 at 1 .5 jiM). 

Cells were assayed in the "antagonist mode" (i.e., conditions which allow for 
identification of receptor antagonists) by coincubating test compounds in the presence of 
1 nM D-His 6 -LHRH, or in the "agonist mode" (i.e., conditions which allow the identification 
of receptor agonists) by incubating test compounds alone with no other additions to the cell 
culture. After 5 days of culture, cell viability was assessed as described in Example 2. The 
results, shown graphically in Figure 3, demonstrate that the assay system in the "agonist 
mode" readily identified the sample spiked with the known LHRH agonist (sample 4, with 
D-His 6 -LHRH), whereas the assay system in the "antagonist mode" readily identified the 
sample spiked with the known LHRH antagonist (sample 6, with antide). Furthermore, the 
presence of the pool of combinatorially-produced peptides did not interfere with the assay, 
indicating that complex mixtures of compounds can be screened using the system of the 
invention. 

EXAMPLE 5 ; Description of Cell Morphology Changes 

A human p2-adrenergic receptor-expressing cell line, prepared as described in 
Example 1, was incubated with either 1) 1 nM salbutamol (a known (i2-adrenergic receptor 
agonist) or 2) 10 nM butoxamine (a known p2-adrenergic receptor antagonist) together with 
salbutamol, in complete growth medium. Several days later, cells were analyzed by 
photomicroscopy to determine the effect of treatment on cell morphology. A representative 
photograph of the results with cells treated with salbutamol alone is shown in Figure 4. 
Salbutamol induced both a change in cell shape (i.e., elongation of the cells) and an 
alignment of the cells with each other. Consequently, the total are of the culture surface 
covered by the cells was greatly reduced by exposing the cells to salbutamol. Cells exposed 
to both salbutamol and butoxamine were indistinguishable from control cells, demonstrating 
antagonism of this effect by the receptor antagonist. Assessment of the agonist or antagonist 
properties of individual compounds or libraries of compounds can be achieved by, for 
example, microscopic observation of the cells, or alternatively, by video digitizing techniques 
to quantify cell shape changes and/or cell alignment changes. Butoxamine alone produced no 
detectable change in cell shape or alignment, nor did salbutamol on untransfected CHO cells 
that did not express the recombinant p2-adrenergic receptor. 
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EOUIVAI.FNTS 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routme expectation, many equivalents to the specific embodiments of the invention 
descnbed herein. Such equivalents are intended to be encompassed by the following claims 
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CLAIMS 

1 . A method for identifying an agonist or an antagonist of a G-protein coupled 
receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) measuring at least one parameter of cellular metabolism of the indicator 

cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
the G-protein coupled receptor, 

2. The method of claim 1 , wherein the indicator cells are mammalian cells. 

3. The method of claim 2, wherein a nucleic acid molecule that encodes the 
receptor has been introduced into the indicator cells such that the receptor is expressed on a 
membrane of the cells. 

4. The method of claim 3, wherein the test composition comprises a library of 
test compounds. 

5. The method of claim 3, wherein the test composition further comprises at least 
one known receptor agonist or at least one known receptor antagonist. 

6. The method of claim 3, wherein the test composition further comprises at least 
one agent that alters the metabolism of at least one second messenger in the indicator cells. 

7. The method of claim 3, wherein the natural ligand for the G-protein coupled 
receptor is unknown. w.-.- 

8. A method for identifying an agonist or an antagonist of a G-protein coupled 
receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) measuring viability or proliferation of the indicator cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
the G-protein coupled receptor. 

9. The method ofclaim 8, wherein the indicator cells are mammalian cells. 
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10. The method of claim 9, wherein a nucleic acid molecule that encodes the 
receptor has been introduced into the indicator cells such that tH. 

membrane of the cells. ,S CX P ressed on ■ 



12 ^^thodofclaimll.whereintheG-proteincoupledreceptorisa 
^ lu ™honnon e re,easin g hormonereceptorora,M 

^r^pro^ 

14. The method of claim 1 1 , wherein the G-protein coupled receptor is a chimeric 
1 5 receptor compnsing at least one ligand binding domain of a first seven 

segment receptor and at least one signal transduction domain of a second sevT 
transmembrane segment receptor such that the chimeric receptor couples to a Gq/1 1 G- 
protein m the indicator cells. F u ' ulj 
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15. The method of claim 10, wherein the test p ftnmn „v 

' wnere,n m te st composition comprises a library of 



test compounds. 



ta ' t ^ """^ ° f Claim 10 ' V,herein «* ** "f*. fimhe, comprises a, 
^ l ^»"^o™re«p,orago„ i s,„ r a,le a s,„„ ekn „ wnrecei)torantagonist 

II ^^ofclaimlO,wh. re i» Ul e t e 5tcoInpositioilftnlKr 
30 ta. „ agen , ^ ^ ^ metaboljsm of a , ^ seMnd messengw ^ = 

!h Jl™** * ^ 10 ' WherCi " fc li8and «* <* <H»*fa co»p.cd 



receptor is unknown. 

20. A method for identifying an agonist or an antagonist of a G-protein coupled 
receptor, comprising: p coupiea 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 
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b) determining the morphology of the indicator cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
the G-protein coupled receptor. 

2 1 . The method of claim 20, wherein the indicator cells are mammalian cells. 

22. The method of claim 2 1 , wherein a nucleic acid molecule that encodes the 
receptor has been introduced into the indicator cells such that the receptor is expressed on a 
membrane of the cells. 

23. The method of claim 22, wherein the G-protein coupled receptor couples to a 
Gq/1 1 G-protein. 

24. The method of claim 23, wherein the G-protein coupled receptor is a 
luteinizing hormone releasing hormone receptor or an Ml muscarinic receptor. 

25. The method of claim 22, wherein the G-protein coupled receptor couples to a 
G s G-protein. 

26. The method of claim 25, wherein the G-protein coupled receptor is a p2- 
adrenergic receptor. 

27. The method of claim 22, wherein the G-protein coupled receptor couples to a 
Gj G-protein. 

28. The method of claim 22, wherein the test composition comprises a library of 
test compounds. 

29. The method of claim 22, wherein the test composition further comprises at 
least one known receptor agonist or at least one known receptor antagonist. 

30. The method of claim 29, wherein the test composition further comprises at 
least one known receptor agonist to thereby identify a receptor antagonist. 

3 1 . The method of claim 22, wherein the test composition further comprises at 
least one agent that alters the metabolism of at least one second messenger in the indicator 
cells. 
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cond V • I*!™ 110 ' 1 ° f Cl3im 33 ' Wherdn Ae Cdl is mai ^ed under the culture 
expression of the receptor on a membrane of the cell is achieved. 

20 37. A stable population of cells expressing a recombinant G- P rotein couoled 

25 antagon!*. ^«^"-^*^«*>**»*..*~ r » 

m 40. ^*ofcUi m 39,wh^nsen mi „, h ecu 1 tu rem ed i u m ha3bee„dia, yz ed. 

35 r,™- , ^ Chinese Hamster Ovary cell that expresses a recombinant chimeric G- 

nrst seven transmembrane segment receptor and at least one signal transduction domain 
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FIG. 3 
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